Abstract 4',5'-Diethynylbenzo-15-crown-5-(6), 4',5'(5'')-diethynyldibenzo-18-crown-6 (10, 11) and 4',5',4'',5''-tetraethynyl-dibenzo-18-crown-6 (12) ethers were synthesized by cross-coupling of the corresponding di-and tetra-iodides (1-4) with trimethylsilylacetylene (5a) or 2-methylbut-3-yn-2-ol (5c) followed by treatment of the resulting products with alkali. The Mannich reaction with the di-and tetraethynyl derivatives was also carried out.
Introduction
The crown ethers are very attractive compounds for analytical and coordination chemistry as well as for pharmaceutical applications because of their ability to bind cations selectively. 1 However, the chemistry of acetylenic derivatives of the crown ethers remains poorly studied owing to the limited synthetic approaches to these compounds. Only a few publications are devoted to the synthesis of acetylenylbenzocrown ethers by cross-coupling of iodoarenes with terminal acetylenes, 2, 3 whereas the preparation of polyethynyl-benzo-crown ethers is not described at all. Moreover, we have found some important details, both when we tried to obtain even simple monoethynylbenzocrown ethers and when we carried out the Mannich reaction 4 with them. For the above reasons, and the fact that the introduction of several acetylenic groups-especially terminal ones -into the crown ether molecules increases their synthetic and application potential through increasing their reactivity, we undertook investigations to develop methods of synthesis atoms by acetylenic groups in the weakly reactive polyhalobenzocrown ethers (owing to the deactivating influence of several alkoxy groups possessing +M effects) has not been attempted. We have investigated the possibility of using the cross-coupling of poly-iodocrown ethers to introduce several acetylenic groups into a crown ether molecule. The starting diiodobenzocrown ethers 1-3 were synthesized by direct oxidative iodination of the corresponding ethers in an I 2 -HIO 3 -H 2 SO 4 system 7 at 50-55 о C (yield 50-80%) (Scheme 1). Under the above conditions, for dibenzo-18-crown-6 (2 mol of iodination mixture / mol of starting compound) a mixture of cis- (2) and trans-(3) isomers was obtained in a total yield of 83%. Tetraiododibenzocrown ether 4 (60%) was obtained from dibenzo-18-crown-6 and I 2, NaIO 4 , and H 2 SO 4 in dioxane under reflux. The synthesis of individual cis- (2) and trans-(3) isomers was realized from the corresponding dinitrodibenzo-18-crown ethers (2а, 3а) (Scheme 2). Nitration of dibenzo-18-crown ether by nitric acid mixed with acetic acid in chloroform resulted in a mixture of cis-and trans-dinitrodibenzo-18-crown ethers, which were separated by recrystallization from DMF. 8 Reduction of the nitro derivatives by hydrazine hydrate in the presence of 4% Pd/C in boiling ethanol 9, 10 led to the cis-amino-(2b, 63%), and trans-amino-crown ether (3b, 87%). Denitration of the isomers (2b) and (3b) was carried out in diluted H 2 SO 4 followed by KI addition in the presence of freshly prepared Cu(0), as described for p-iodo-phenols. 11 The cis-iodocrown ether (2) and trans-isomer (3) were formed in 32% and 42% yields, respectively. We used trimethylsilylacetylene (5a), p-ethynylbenzaldehyde (5b) and 2-methylbut-3-yn-2-ol (5c) as acetylenic components in the cross-coupling 5, 12 of polyiodocrown ethers (1) (2) (3) (4) . A special interest in acetylenylbenzocrown ethers bearing formyl groups was caused by the possibility of their forming stable nitronyl-nitroxide radicals, since they are precursors of 2-imidazoline. We have previously shown that acetylenic derivatives of heterarylnitronylnitroxides possess very interesting optical and magnetic properties. 13 2-Methylbut-3-yn-2-ol (5c) and trimethylsilylacetylene (5a) allowed the synthesis of terminal acetylenes, which are very promising key compounds, owing to their unusually high CH-acidity that could possibly be used both for functionalizing and building C-C bonds. Usually, condensation of aryl iodides with 1-alkynes has been carried out in the presence of PdCl 2 (PPh 3 ) 2 , CuI, and Et 2 NH at 70-75 °С under argon. These reaction conditions proved to be inefficient in cross-coupling of iodides with р-ethynylbenzaldehyde (5b). In our reaction, а finely dispersed black precipitate, apparently of metallic palladium, was obtained, formed as a result of complex decomposition. Previously, 14 the attempt to conduct the cross-coupling of isomeric bromobenzaldehydes with trimethylsilylacetylene in the presence of catalytic amounts of Pd(OAc) 2 and PPh 3 was reported: however, iodide 1 did not react with alkyne 5b under these conditions. It is known 3 that activation of the alkynyl component with the addition of CuI (for аrуl halides with terminal acetylenes) leads to a considerable increase in cross-coupling. We have found that the reaction of 1 with 5b in the system involving Pd(OAc) 2 , PPh 3 , and NEt 3 in the presence of CuI afforded the ether 6b in 75% yield. The diethynyl derivative 6 was prepared from compound 6a by removing the trimethylsilyl group. The interaction of dihalobenzocrown ethers (1, 2+3) with 2-methylbut-3-yne-2-ol (5c) in the presence of PdCl 2 (PPh 3 ) 2 (or Pd(OAc) 2 + PPh 3 ), CuI and NEt 3 led to acetylenic alcohols (6c) and (7+8)c in 60-90% yields. Since cross-coupling of the tetra-iodide 4 with butynol (5c) under these conditions was accompanied by their resinification we used trimethylsilylacetylene (5a) as acetylenic component for introduction of four ethynyl groups into benzo-crown ring. The yield of tetrakis-acetylenic derivative 9a was 30%.
The replacement of the iodine atom in (1, 2+3) by the acetylenic moiety of the tertiary acetylenic alcohol 5c proceeded smoothly at 75-80 °C in the catalytic system PdCl 2 (PPh 3 ) 2 -CuIEt 3 N; the yield of (6c) and (7+8)c was 60-90%. A mixture of diiodocrown ether, terminal acetylene, PdCl 2 (PPh 3 ) 2 , CuI, in triethylamine was heated for 2-5 h at 75-80 °C under argon.
A usual way for ethynyl-arene preparations involved the cleavage of the tertiary acetylenic alcohols or the trimethylsilylacetylene derivatives by treatment with a catalytic amount of alkali. But earlier 4 we discovered a specific cleavage "crown-effect" for mono-acetylenic alcohols of benzo-15-crown-5 ether and benzo-18-crown-6 ether that required an extra equimolar amount of KOH, over that used with the corresponding benzo-12-crown-4-ether derivative. Our investigation confirmed the reverse-Favorsky reaction for diacetylenic alcohols (6c) and (7+8)c that could be realized only in the presence of the extra equimolar amount of KOH. Ethynyl crown ethers (6, 10+11) were obtained by Retro-Favorsky reaction. A mixture of tertiary acetylenic alcohols (6c) and (7+8)c and powdered KOH was heated at reflux in dry toluene during 2-4 h, the yields of ethynyl crown ethers (6, 10+11) were 25-30%. Ethynylbenzocrown ethers could also be obtained in another way. For example, the reaction of iodobenzocrown ethers 1-4 with trimethylsilylacetylene 5a led to disubstituted acetylenes (6-9)a in 70-90% yields. Treatment of (6-9)a with KOH or K 2 CO 3 in methanol at room temperature resulted in 6, 10-12 in 50-60% yields. The ethynylbenzocrown ethers did not undergo a Mannich reaction that was carried in the presence 15 of copper(I) salts. It is known 1 that the crown ethers are able to form complexes not only with appropriately sized cations (K + -crown-6), but also with the large ones in a "sandwich" type complex. We found 4 unusual behavior of ethynylcrown ethers in these conditions. 15 Taking into account the high biological activity of compounds having a propargylamino fragment (N-CH 2 -C≡C), we carried out the aminoalkylation reaction on the obtained alkynes (6, 10+11).
The typical procedure for aminoalkylation of ethynylarenes involved interaction of secondary amines with paraformaldehyde under reflux in dioxane in the presence of CuCl. To avoid the problems we found earlier for mono-ethynylcrown ethers 4 for the Mannich condensation, the aminoalkylation was carried out in the presence of Cu(OAc) 2 and 30% sulfuric acid. Aminopropargylcrown ethers 15a-c, (16+17)a-c were obtained by the condensation of alkynes (6, 10+11) with paraformaldehyde and secondary amines 14a-c in the presence of catalytic amounts of Cu(OAc) 2 under reflux in dioxane (1.5-2 h). Yields of the Mannich bases were 70-80% and depended on the reaction conditions and the nature of the starting amines.
The IR and NMR spectra of 2 and 3; 7a and 8a; 10 and 11 had barely perceptible differences. From reference data for nitro- we supposed the compounds with lower melting points to be the trans-isomers (iodo-and ethynyl derivatives), and vice versa for the trimethylsilyl derivatives (Table) .
Conclusions
In summary, we have established that Pd-Cu-catalyzed cross-coupling of polyiodobenzo-and dibenzo-crown ethers with terminal acetylenes is a convenient method for the introduction of several acetylenic groups into one molecule of the crown ether. 1 mmol) in a mixture of 80% acetic acid (40 mL) and 30% sulfuric acid (5 mL). The reaction mixture was stirred to its discoloration during 2 h at 50-55 °С, and then cold water (300 mL) was added. The solution was washed with 30% Na 2 SO 3 aq. and extracted with CHCl 3 (3x100 mL), the organic layer was dried over Na 2 SO 4 , filtered through a SiO 2 bed (height/diameter of the column: 2.5x2 cm). The solvent was removed in vacuo and the residue recrystallized from a mixture of benzene-hexane. (1.5 g, 8.5 mmol) was slowly added in portions to a stirred solution of dibenzo-18-crown-6 (4.2 g, 10 mmol) in a mixture of 80% acetic acid (40 mL) and 30% sulfuric acid (5 mL). The reaction mixture was stirred to its discoloration during 2 h at 50-55 °С, and then cold water (300 mL) was added. The solution was washed with 30% Na 2 SO 3 aq. and extracted with CHCl 3 (3x100 mL), and the organic layer dried on Na 2 SO 4 , filtered through a SiO 2 bed (2.5x2 cm). The solvent was removed in vacuo and the residue was recrystallized from toluene. H and IR spectra are given in the Table. 3,4'-Diiododibenzo-18-crown-6 (3). According to the procedure above, the denitration of amine 3b (1.2 g, 3.9 mmol) was carried out by using NaNO 2 (0.6 g, 8.7 mmol), KI (1.6 g, 9.6 mmol) and Сu° (0.5 g, 7.8 mmol); the purification by column chromatography resulted in 0.8 g (42%) of compound 3, mp 189-191 °С (from benzene-hexane). Anal. Calcd. for C 20 3,3'-bis-(Trimethylsilylethynyl)dibenzo-18-crown-6 (7a) . A mixture of iodide (2) (0.63g, 1 mmol), acetylene 5a (0.4 mL, 3.1 mmol) in the presence of PdCl 2 (PPh 3 ) 2 (30 mg, 0.043 mmol) and CuI (15 mg, 0.15 mmol) in Et 3 N (2 mL) and benzene (10 mL) was stirred at 75-80 °С for 0.25 h. Finally, the mixture was filtered through a SiO 2 column (2.5x2 cm) and evaporated in vacuo, and the residue was recrystallized from a mixture of benzene-hexane. 
3,4'-bis-(Trimethylsilylethynyl)dibenzo-18-crown-6 (8a).
A mixture of iodide (3) 
3,4-bis-(p-Ethynylbenzaldehyde)benzo-15-crown-5 (6b). Route A (Scheme 3).
A mixture of iodide (1) (0.9 g, 1.7 mmol), acetylene 5b (0.4 g, 3.1 mmol) in the presence of Pd(OАc) 2 (20 mg, 0.089 mmol) and CuI (15 mg, 0.15 mmol), PPh 3 (60 mg, 0.228 mmol) in Et 3 N (7 mL) and benzene (15 mL) was stirred at 75-80 °С for 0.25 h. Finally, the mixture was filtered through a SiO 2 column (2.5x2 cm) and evaporated in vacuo, and the residue was purified by column chromatography and then recrystallized from benzene-hexane mixture. The yield of compound 6b was 0.69 g (76.7%).
Route B (Scheme 4).
A mixture of the acetylene (6) (0.1 g, 0.3 mmol), 4-bromobenzaldehyde 13 (0.14 g, 0.7 mmol) in presence of Pd(OАc) 2 (10 mg, 0.044 mmol) and CuI (5 mg, 0.026 mmol), PPh 3 (30 mg, 0.114 mmol) in Et 3 N (2 mL) and benzene (10 mL) was stirred at 75-80 °С for 0.25 h. Finally, the mixture was filtered through a SiO 2 column (2.5x2 cm) and evaporated in vacuo, and the residue was purified by column chromatography and then recrystallized from benzene. 
3,3'(4')-Diethynyldibenzo-18-crown-6 (10+11) Procedure iii (Scheme 3).
The compounds (7+8)a (0.3 g, 5.4 mmol) were treated with a 10% solution of KОН in methanol (15 mL) at room temperature during 1-1.5 h. The yield of the compounds 10+11 was 0.06 g (27.3%); mp 141−145 °С. Procedure iv (Scheme 3). A mixture of (7+8)c (1.6 g, 3 mmol) and powdered KOH (0.4g, 8 mmole) was boiled in dry toluene (45mL) for 2.5-33 h. Finally, the mixture was filtered through an SiO 2 column (2.5x2 cm) and evaporated in vacuo. The residue was purified by column chromatography and recrystallized from benzene-hexane mixture. The yield of compounds (10+11) was 0.2g (16.7% 
